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Detlef Gerhard & Touba Rahmani
PDM based Lifecycle Analysis –  
A Case Study
To facilitate collaborative design in vocational education institutions, 
we have conducted a project to establish a nationwide PDM platform 
for four different schools spread all over the country. The particular 
aim of a follow up project introduced in this paper is to sensitize the 
participating students to sustainable design and lifecycle assess-
ment (LCA) and provide them with hands-on tools through the PDM 
platform to accomplish these tasks. As a collaborative case study 
project, a cordless drill driver was chosen to be re-designed with 
respect to Ecodesign aspects. Since LCA is truly a holistic task, we 
focused on the ecological aspects of material and production sta-
ge. Distribution, usage and end-of-life stages were left out as well 
as economic and social aspects. The drill driver was divided into 
housing, drill chuck, gear and power unit. Each component was as-
signed to one of the schools and had to be designed with respect to 
reduced environmental impacts. Since different CAD systems are 
used the decision to provide the needed tools and environmental 
information within the PDM platform rather than CAD environment 
was easy. Some of the PDM systems on the market do also provide 
lifecycle analysis modules but it is rather a black box approach than 
a transparent data and reporting source. Because LCA heavily relies 
on the method itself and the way analysis is conducted we decided 
to develop our own tools. Therefore, a new, adapted interface was 
developed using open source business intelligence software called 
Pentaho to facilitate on the ﬂy reporting and analytics of the work 
in progress by the users. Furthermore, the Ecoinvent database was 
connected to the PDM system to provide required information on 
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carbon footprint and cumulated energy demand. The paper discus-
ses strength and weaknesses of tools and methods with respect to 
the introduced case study and gives an outlook on ontology repre-
sentation for the data model for better analysis capabilities.
Introduction
Complexity of products and economic considerations during pro-
duct development usually require the collaboration of geographically 
distributed, intercultural and interdisciplinary teams. Thus, the use of 
PDM systems is inevitable during this process, as multiple parties 
are involved representing different competences and performing 
speciﬁc tasks. They are holding the reference structure of the pro-
duct or system under development and build the integration basis 
for different CAx tools. Any change of a particular part or compo-
nent in the product can be communicated via a PDM system, may 
it involve communication to the supplier, the development engineer 
or the purchase department.
Technical and vocational schools play an important role in the edu-
cation of technically skilled employees in Austria. While employees 
with a vocational education usually have profound engineering 
design skills, collaborative work skills making use of PDM system 
capabilities are shortcoming. To provide an environment where 
these can be trained, our research group at Vienna University of 
Technology has created and maintains a PDM platform for national 
vocational schools (Gerhard et al. 2009). Currently, four schools 
in Austria are cooperating to introduce and implement this PDM 
platform into their design syllabus. The PDM platform is optimized 
for the different types of design education courses at schools and 
is adapted to the schools’ speciﬁc needs. In particular, students in 
their ﬁnal year of school shall take advantage of this platform to 
prepare their ﬁnal design projects which are commonly conducted 
in cooperation with partners from industry.
In the current project PDM-UP (UP = Umweltgerechte Produktent-
wicklung) the adaptation of the platform for successful design colla-
boration in school spanning design projects with focus on «Design 
226
De
tle
f G
er
ha
rd
 &
 T
ou
ba
 R
ah
m
an
i   
 
for Environment” (DfE) is given special attention. The consideration 
of environmental aspects is becoming a key issue aspect in product 
development and product design. This topic was chosen to leverage 
further advantages of the PDM system usage and thereby convince 
students of the added value. Advanced functionality of the system 
in terms of process control and product structure analysis spanning 
different CAD systems is implemented and supports design colla-
boration between students in the course of an Ecodesign project. 
Related Work
Numerous tools have been developed that help to track and evaluate 
the environmental impacts of a product over its entire life cycle with 
special methods. In any of the methods for reducing the environ-
mental impacts of a product environmental information is necessary 
to start the environmental evaluation process. Life Cycle Assess-
ment (LCA) is the most widespread assessment method for this 
purpose (Jeswiet et al. 2005). However, carrying out a full LCA is a 
time-consuming and complex task and there are still many barriers 
that withhold LCA from being a common practice in industry, main-
ly because of data requirements Millet et al. (2007). LCA requires 
much data that is constantly changing in the product development 
process, in particular in the early design stages. The early design 
stages would allow for the most efﬁcient changes in the design, as 
they have the greatest potential for any improvement. But available 
information about later phases is generally unknown or fuzzy in this 
stage. Later in the development process, more data is available, but 
the potential for improvement is signiﬁcantly lower and much more 
costly, a phenomenon commonly known as the «design paradox”. 
There have been some efforts to bring LCA into CAD systems 
(Ostad-Ahmad-Ghorabi et al. 2009). Meanwhile, major CAD ven-
dors have also integrated DfE functions or modules. SolidWorks 
Sustainability (Dassault 2012.) evaluates the environmental impact 
categories non-renewable lifecycle energy demand, water eutro-
phication, carbon footprint, and air acidiﬁcation based on the mo-
deled CAD data. The Eco Materials Adviser in Autodesk Inventor 
2012 (Autodesk 2012) has the aim to provide guidance on material 
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selection in the early stages of design in order to enable exploration 
of alternatives and rationally chose materials. 
Most of these approaches suffer from the lack of information in the-
se early design stages. Furthermore, a CAD system is not the major 
source to gain comprehensive information about product structures 
and part information because products in general contain more 
items than modeled within CAD. Commonly, PDMS are the major 
source containing global Information from preceding projects and 
representing the complete structure of a product including variants 
etc. This is particularly the case if more than one single CAD system 
is used in the development process. 
On the other hand there are specialized LCA software tools to op-
timize products and processes like GaBi (PE 2012), CMLCA (CML-
CA 2012), SimaPro (Pre 2012) providing also required databases 
like GaBi Database (PE 2012), Granta (Granta 2012) or Ecoinvent 
(Ecoinvent 2012). These tools represent methodology and data esta-
blished partly in about 20 years development time for performing 
in-depth LCA and require specialized know how and considerable 
effort. Some of them provide standard interface to import LCA-
relevant data directly from Bill of Materials (BOM). After perfor-
ming a survey of different approaches our conclusion is that with 
special respect to early phases of the product creation process a 
PDM based lifecycle analysis approach has distinct advantages. 
On the one hand side there is no limitation a single CAD environ-
ment and on the other hand side PDMS belong to the common 
working environment of design engineers and information about 
product structures and relationships is available in the underlying 
database. Windchill LCA (PTC 2012) offers a LCA module within 
a commercial available PDM software solution which our research 
group is using for the above mentioned projects. At the beginning 
of our project this module was not yet available. Nonetheless, we 
decided to stick with our own solution because the implementa-
tion of LCA functionality is a black box for the end user and not 
transparent which is essential for research and education processes. 
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System Environment and Case Study
A particular goal of the project is to provide students with add-on 
functionalities for environmental evaluation of their design concepts 
which the CAD environment (different CAD-systems are in use) is 
not capable of. The existing databases in the PDM system are 
complemented with environmental databases containing environ-
mental impact indicators such as indicator for global warming ex-
pressed in gram-CO2-equivalents or Cumulative Energy Demand 
(CED), expressed in MJ. The platform itself is optimized to allow 
the consideration of the processes in the products’ life cycle, from 
use of raw materials to end of life processes, to attach metadata to 
CAD ﬁles and ease ﬁle sharing and communication between design 
collaborators.  Four important steps are followed in the case study: 
1. Systematic analysis of products in regard to their environ- 
mental performance: To help the students in evaluating 
the environmental impacts of their concepts, an abridged  
Life Cycle Assessment (LCA) methodology was incor-
porated into the PDM system. 
2. Integration of environmental database into the PDM sy-
stem: To access environmental impact indicator values  
and life cycle inventory data, the database Ecoinvent 
(Frischknecht et al. 2007 is integrated into the PDM system. 
Students are only confronted with the indicator values 
for materials and processes. Life Cycle Inventory (LCI) 
data is used for the development of the sys-tem’s inter-
nal algorithms for environmental evaluation.
3. Design collaboration between schools: A real product 
has to be designed through collaboration of students 
distributed in different schools. Each school is assigned 
a particular component based on the competencies 
they have. 
4. Analysis of the acceptance of the PDM system and 
the added value provides for the design process: It 
is important to understand how much the system is  
accepted in design lectures (intra-school application) 
and/or inter-school design projects.
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Since most students were not familiar with the concept of eco-
design, an introductory workshop was organized in the schools to 
give insight into the topic. Through the project, students are con-
tinuously supervised to help them to accomplish step 1 for their 
design task. By integrating LCA into PDM, students are provided a 
powerful tool to analyze the environmental impacts of their design. 
As a real design task, the collaborative design of a new cordless 
drill driver is considered in step 3 of the project. It is divided into its 
four main components: 1. Housing, 2. Drill chuck, 3. Gear, and 4. 
Power unit. Each school is responsible for the design of one main 
component; one school provided material speciﬁcations for the new 
design of the drill driver. In this step, the PDM platform is conti-
nuously improved based on the requirements for efﬁcient collabo-
ration. Usability, functionality and acceptance of the PDM platform 
are investigated in step 4 to conclude for a platform concept that 
has the potential to be an integrative part of the design lectures.
To ease the handling of the PDM system and to provide capabilities 
needed for the case study, an easy process to extract, visualize and 
communicate analysis information is needed. Business Intelligence 
(BI) and reporting tools are capable of fulﬁlling these requirements. 
BI systems usually have three main purposes: 1. Providing data, 2. 
Analyzing data, and 3. Presenting data. The open source application 
Pentaho (Pentaho 2012) provides all necessary features relevant in 
the scope of this project. For the purpose of this project it is im-
portant to conclude to an architecture that can be implemented in 
any of the participating schools. Even the fact that different CAD 
systems are used should not hinder students to properly share their 
results and outcomes. The ﬁnal architecture of the adapted PDM 
system is shown in Figure 1.
In order to facilitate easy ﬁle sharing among different CAD systems, 
to retrieve data for environmental evaluation and to generate reports, 
it is necessary to track were relevant data (coming from the CAD sy-
stems and containing information such as material or mass) is stored 
in the central data archive of the PDM system. Since the data model 
of the incorporated PDM system is not open but proprietary, an inter-
face from Pentaho to the PDM database had to be developed which 
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Figure 1:   Architecture of the adapted PDMS
was a signiﬁcant effort. A number of reports have been created in 
Pentaho to deliver the relevant environmental data which can be 
analyzed by students in order to improve their design concepts. Due 
to the web-based architecture of the system, users have access 
no matter in which location they are working be it at the different 
school locations, from home or at the sites of industrial partners.
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 Experiences and Evaluation
A ﬁrst survey was conducted among 76 participating students to ﬁnd 
out about the acceptance of the PDM system in the design educati-
on. They were asked about usability of the system, the added value 
of integrating such a system into the design lectures and about the 
time effort to use such a system amongst others. A particular aim 
of the questionnaire was to ﬁnd out whether the acceptance of the 
PDM system solely depends on the system itself or the way it was 
taught and introduced in the lectures. The students surveyed were 
aged between 17 and 19. Most of the students were in their ﬁnal 
year of school and were particularly interested to evaluate whether 
the PDM system is of any advantage for their ﬁnal design projects. 
When asked about the usefulness of implementing PDM systems 
into the design lectures, some 28% considered it as less useful or 
even not useful whereas when asked for the usefulness for ﬁnal 
design projects, 65% considered it as very useful or useful. 
Figure 2:   Screenshot of the implemented Reporting Tool
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The customization and optimization of the PDM platform through 
integrating the reporting tool helped the students to better hand-
le the platform. Figure 2 shows the interface of the reporting tool. 
Some 73% rated the usability of the platform as very good or good. 
However, almost 50% indicated that by adding a PDM system to 
the design lectures and the obligation to use it has raised their wor-
kload considerably. On the other side, the willingness to use the 
PDM system is also high, since some 80% agreed on the fact that 
by using the system, they have gained more competencies in the 
design process and 90% were stating that the use of PDM should 
be part of the design lectures already in the third school year after 
the basics of design and technical drawing have been educated in 
the ﬁrst and second year. In general, the use of the PDM system in 
design lecture was perceived quite positively, although some com-
ments indicated that more time should be allocated to the teaching 
of the system. At the end of the project, another survey will be 
conducted in order to ﬁnd out if there are signiﬁcant changes with 
respect to the given school spanning Ecodesign project, in our case 
the development of an environmentally optimized cordless drill dri-
ver. By then, the design of the cordless drill driver will be ﬁnished 
and a feedback from the students regarding the use of the PDM 
system will be most insightful.
Conclusion and Outlook
Engineering design is already a complex process; any additional sup-
porting tool has to be intuitive, provide rigorous results, and has to 
ease the work right away; although learning mechanisms positively 
affects the handling of a tool over time, most users do not appreciate 
tools that require long learning periods. The students, in particular 
those in their ﬁnal year, were seeking for a professional tool for de-
sign collaboration but the original virgin PDM platform seemed too 
complex to handle and added too much to their workload. For any 
tool or methodology to be successfully integrated into design, the 
effort clearly lies on the developer’s side. Complex tools requiring 
long learning periods are outdated. Those tools will either be com-
pletely declined or their full features will barely be used efﬁciently. As 
much as consumers are demanding easy to handle and intuitive pro-
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ducts, engineering designers require processes and tools that are as 
much intuitive as the products that are the result of these processes. 
For the case of PDM systems, our research group has started 
further efforts to ease data exchange processes, ease environmen-
tal analysis for engineering designers and to provide a clear structu-
re for communication between design team members. The concept 
is not to provide all information or any information that might be of 
any use sometime in the design process, but rather provide only 
that particular information which is needed in a particular process 
step in the most efﬁcient way. In order to allow conﬁdence in the 
use of LCA, it is essential that users have access to data that can 
be selected to best meet their needs in view of the goal and scope 
of an LCA study. A wide variety of databases and other repositories 
has evolved over time, some national, some commercial, some 
freely available. This diversity causes challenges because there is 
currently no way to either assure that information is consistent and 
exchangeable from these databases or even that users are provi-
ded with sufﬁcient and compatible information on which to decide 
which datasets best meet their needs. 
Furthermore, Product lifecycle management and analysis often 
requires information gathering from disparate software systems. 
An increase in the number of disparate systems regularly requires 
custom individual interfaces to transfer the data. This can be time 
consuming and prone to conversion errors. Ontologies can be used 
to bridge the data interoperability gap between various software 
systems and separated software systems (Patil et al. 2005). By 
using an ontology a common understanding of different information 
structures can be achieved, knowledge can be reused and analyzed 
and general assumptions about a certain ﬁeld of knowledge can 
be made. Furthermore, heterogeneous data can be made available 
through the (semantic web) linked data concept which enables com-
plex, semantic database queries. Within the remaining project dura-
tion of about 9 month we will follow this approach to merge data 
sets, infer new relations, and integrate outside data sources as well 
as to map the various data onto an abstract data representation and 
thereby make the data independent of its internal representation.
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